The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA, hsp65 and sod gene sequences of strain OFN S17
A novel actinomycete strain, OFN S17
T , was isolated from a sample collected from Altamira Cave, Cantabria, Spain. This strain was identified by using a polyphasic taxonomic approach. The 16S rRNA, hsp65 and sod gene sequences of the strain were determined and compared with those of representative Nocardia species. The results showed that strain OFN S17 T should be assigned to the genus Nocardia. Phylogenetic analysis indicated that strain OFN S17 T was most closely related to the type strain of Nocardia tenerifensis (98.6, 96.2 and 96 % similarity, respectively, for the 16S rRNA, hsp65 and sod gene sequences). The DNA G+C content was 64.4 mol%. DNA-DNA hybridization analyses revealed 29 % relative reassociation between the DNA of strain OFN S17 T and N. tenerifensis DSM 44704 T . The phenotypic and genotypic data show that strain OFN S17
T merits recognition as a representative of a novel species of the genus Nocardia, for which the name Nocardia altamirensis sp. nov. is proposed. The type strain is OFN S17 T (5CIP 109606 T 5DSM 44997 T ).
Members of the genus Nocardia are aerobic, Gram-positive bacteria that are ubiquitous in the environment and can be found worldwide as saprophytic components in fresh and salt water, soil, dust, decaying vegetation and decaying faecal deposits from animals (Brown-Elliott et al., 2006) . The application of polyphasic taxonomic procedures has led to marked improvements in the classification of the genus Nocardia (Goodfellow, 1998) . Numerous novel species have been described in recent years by using 16S rRNA gene sequencing as the reference method; at the time of writing, the genus encompasses 70 species with validly published names (http://www.bacterio.cict.fr/qr/nocardia. html). It seems likely that the soil is the primary reservoir of nocardiae, although members of the genus are better known as causal agents of suppurative and granulomatous infections of humans and animals (McNeil & Brown, 1994) . There is also evidence that nocardial species diversity in both non-extreme and extreme habitats is grossly underestimated (Orchard & Goodfellow, 1980) . Investigations of bacterial biodiversity from natural caves have revealed the presence of several novel actinomycetes (Groth & Saiz-Jimenez, 1999; Groth et al., 1999 Groth et al., , 2002 Jurado et al., 2005a Jurado et al., , b, 2006 Lee, 2006a, b, c) . This is illustrated by the recent description of Nocardia jejuensis and Nocardia speluncae from natural caves in South Korea (Lee, 2006b; Seo et al., 2007) . In a preliminary report, Groth & Saiz-Jimenez (1999) In this work, a polyphasic approach was used to determine the taxonomic position of bacterial strain OFN S17 T . This strain was retrieved from Altamira cave (Cantabria, Spain) as a member of a complex microbial community forming a grey-coloured colonization on the walls of the cave.
Strain OFN S17
T was isolated on tryptose soy agar (TSA; Oxoid) at 28 u C. This strain was examined for a broad range of biochemical properties. The cultural characteristics of strain OFN S17
T was determined on Bennett's agar after 10 days at 30 u C. The well-developed substrate mycelium was yellowish orange in colour with irregular branches penetrating the agar, while the aerial hyphae were white. On Bennett's agar, the isolate was able to grow at 25-37 u C. The bacterial cells were Gram-positive and slightly acid-fast in a modified Ziehl-Neelsen method (1 % acid decoloration). Phenotypic characteristics were determined for strain OFN S17
T and the type strains of the closely related species Nocardia tenerifensis (DSM 44704 T ) and Nocardia brasiliensis (ATCC 19296 T ). Catalase activity, urea hydrolysis and the ability to hydrolyse adenine, casein, hypoxanthine, tyrosine, uric acid and testosterone were examined by following the protocol of Boiron et al. (1993) . Tests for the utilization of various substrates as sole carbon sources (at 1 %, w/v) were carried out using previously described methods (Goodfellow & Lechevalier, 1989; Goodfellow, 1992 Goodfellow, , 1998 ) and utilization was observed over a period of 2 weeks. The more relevant results that allow discrimination between strain OFN S17 T and the type strains of N. brasiliensis and N. tenerifensis are the inability of strain OFN S17
T to utilize L-arabinose and its ability to decompose uric acid. The complete phenotypic results from strain OFN S17
T and the two reference type strains are summarized in Table 1. Extraction of genomic DNA, PCR amplification and sequencing of the 16S RNA, hsp65 and sod genes were carried out as described by Rodríguez-Nava et al. (2004 . Sequence analysis was performed using an Applied Biosystems model 373A DNA sequencer. Overlapping DNA segments from the forward and reverse strands were analysed to determine a consensus sequence for each gene. The nearly complete 16S rRNA gene sequence for strain OFN S17
T (1348 nt; corresponding to positions 46-1400 of the Escherichia coli numbering system) was obtained by using primers SQ1 and SQ6 (Rodríguez-Nava et al., 2004) . The hsp65 and sod genes of strain OFN S17
T were partially amplified (around 441 nt for each gene) by using primers TB11 and TB12 for hsp65 and Z205 and Z212 for sod, as described by Rodríguez-Nava et al. (2006 . For phylogenetic analysis, nucleotide sequences were aligned using the program CLUSTAL_X (Thompson et al., 1997) with the corresponding sequences of representative Nocardia species from the GenBank and BIBI (Devulder et al., 2003) databases. Phylogenetic trees were reconstructed by using the software packages MEGA (Kumar et al., 2004) and PHYLO_WIN (Galtier et al., 1996) . The overall topologies of phylogenetic trees obtained by the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) methods were similar (data not shown). The robustness of the trees was assessed by bootstrap resampling (1000 replicates).
The results of our phylogenetic analysis showed that strain OFN S17
T fell within the evolutionary radiation encompassed by the genus Nocardia. According to 16S rRNA gene sequence similarity calculations, strain OFN S17
T was most closely related to N. brasiliensis ATCC 19296 T (98.67 % sequence similarity; 18 differences out of 1348 nt) and N. tenerifensis GW39-1573 T (98.60 % sequence similarity; 19 differences out of 1348 nt). In the phylogenetic tree based on the 16S rRNA gene sequence ( Fig. 1 and Supplementary  Fig. S1 , available in IJSEM Online), strain OFN S17
T forms a clade with the type strains of N. brasiliensis and N. tenerifensis that is supported by a bootstrap value of 77 % in the neighbour-joining analysis. The 16S rRNA gene sequence similarity between our strain and the type strains of N. brasiliensis and N. tenerifensis was almost identical, so we decided to extend our study to the hsp65 and sod genes.
For the hsp65 gene, strain OFN S17
T was more closely related to N. tenerifensis DSM 44704 T , showing 96.2 % sequence similarity (15 differences among 401 nt, excluding the primers), than to N. brasiliensis ATCC 19296 T , which showed only 95.7 % sequence similarity (17 differences among 401 nt, excluding the primers). The phylogenetic tree reconstructed from hsp65 gene sequences Growth on carbon sources (%, w/v)
Growth on Bennett's agar at:
did not contain the clade encompassing our isolate and N. tenerifensis and N. brasiliensis previously observed with the 16S rRNA gene tree ( Supplementary Fig. S2 ). Instead, the clades formed with OFN S17 T showed non-significant bootstrap values (,50 %), meaning that these phylogenetic relationships are very weak.
For the sod gene, strain OFN S17
T was also more closely related to N. tenerifensis DSM 44704 T , showing 96 % sequence similarity (16 differences among 406 nt, excluding the primers), than to N. brasiliensis ATCC 19296 T , which showed 95.3 % sequence similarity (19 differences among 406 nt, excluding the primers). Similar to the 16S rRNA gene, in the phylogenetic tree reconstructed from the sod gene sequence, strain OFN S17
T forms a clade with the type strains of N. tenerifensis and N. brasiliensis and, in this case, the clade is supported by a bootstrap value of 92 % in the neighbour-joining analysis (Supplementary Fig. S3 ).
Phylogenetic analysis of hsp65 and sod gene sequences showed that isolate OFN S17
T was more closely related to N. tenerifensis DSM 44704 T than to N. brasiliensis ATCC 19296 T . In light of these results, we decided that it was more pertinent to perform DNA-DNA hybridization between OFN S17 T and N. tenerifensis DSM 44704 T .
The degree of DNA-DNA relatedness between strain OFN S17 T and N. tenerifensis DSM 44704 T was determined by the fluorometric method as described by Gonzalez & SaizJimenez (2005) . This method measures the divergence between the thermal denaturation midpoint of homoduplex DNA and heteroduplex DNA (DT m ) using a realtime PCR thermocycler that obtains fluorescence determinations. The degree of DNA-DNA relatedness was also determined using the digoxigenin labelling/antibody detection system described by Ziemke et al. (1998) . DNA was labelled and detected colorimetrically with p-nitrophenyl phosphate as substrate. Chromosomal DNA was extracted following the method described by Marmur (1961) .
The difference in melting temperature between genomic DNA from strain OFN S17 T and N. tenerifensis DSM 44704 T was 7 uC. This is above the 5 uC cut-off point recommended for the delineation of species by Stackebrandt & Goebel (1994) . Using DNA from strain OFN S17
T as a labelled probe, N. tenerifensis DSM 44704
T and strain OFN S17 T showed 29 % DNA relatedness. The DNA-DNA relatedness results confirmed that strain S17 T represents a novel genospecies clearly differentiated from N. tenerifensis.
The G+C content of genomic DNA of strain OFN S17 T was 64.4 mol%, as determined by the fluorometric method described by Gonzalez & Saiz-Jimenez (2002) .
T was analysed chemotaxonomically by using the following procedures. The isomer of diaminopimelic acid was analysed by TLC of whole-organism hydrolysates as described by Boiron et al. (1993) . Wholecell sugars were analysed following the methods of Staneck & Roberts (1974) . Standard procedures (Kroppenstedt, 1982 (Kroppenstedt, , 1985 Minnikin et al., 1975 Minnikin et al., , 1984 were used for analyses of fatty acids, mycolic acids and isoprenoid quinones by HPLC and analysed with the standard Microbial Identification System (MIDI) for automated GC analyses. The results support the assignment of strain OFN S17
T to the genus Nocardia. Analysis of the cell wall revealed mycolic acids with a chain length of 52-58 carbon atoms. Strain OFN S17
T presented mainly hexahydrogenated menaquinone with eight isoprene units where the two end units are cyclized [MK-8(H4 '-cycl ) ]. This menaquinone is observed only in members of the genera Nocardia and Skermania. The isolate contained mainly straight-chain saturated and unsaturated fatty acids including palmitic acid (C 16 : 0 ; 33.48 %), oleic acid (C 18 : 1 ; 18.40 %), palmitoleic acid (C 16 : 1 ; 15.93 %) and tuberculostearic acid (10-methyl C 18 : 0 ; 13.09 %).
It is clear from the genotypic and phenotypic data obtained that strain OFN S17
T represents a novel species of the genus Nocardia, for which the name Nocardia altamirensis sp. nov. is proposed.
Description of Nocardia altamirensis sp. nov.
Nocardia altamirensis (al.ta.mi.ren9sis. N.L. fem. adj. altamirensis referring to Altamira cave, Cantabria, Spain, where the type strain was isolated).
Aerobic, Gram-positive, slightly acid-alcohol-fast, catalasepositive, non-motile actinomycete that forms a branched substrate mycelium which fragments into irregular rodshaped to coccoid elements. The colour of the substrate mycelium is yellowish-orange. The aerial mycelium is white and has a patchy distribution. Colonies are 2-3 mm in diameter on Bennett's agar. Grows well at 30 u C but does not grow at 45 u C. D-Fructose, D-galactose, D-glucose, Fig. 1 . Phylogenetic tree derived from 16S rRNA gene sequences showing the relationships between Nocardia altamirensis sp. nov. OFN S17
T and species belonging to the genus Nocardia. The tree was constructed by using the neighbour-joining method and was based on a comparison of 1348 nucleotides. Bootstrap values are expressed as percentages of 1000 replications. Asterisks indicate branches of the tree that were also recovered using maximumlikelihood and maximum-parsimony treeing algorithms. Bar, 0.01 substitutions per nucleotide position. An extended version of this tree including a wider selection of reference strains is available as Supplementary Fig. S1 .
glycerol, D-mannitol, D-mannose and ribose can be utilized as carbon sources, while raffinose, L-rhamnose, sucrose and sorbitol cannot be utilized. Urea is hydrolysed. Substrates that are decomposed are indicated in Table 1 . Major fatty acids are C 16 : 0 (33.48 %), C 18 : 1 (18.40 %) and tuberculostearic acid (10-methyl C 18 : 0 ; 13.09 %). The mycolic acids are 52-58 carbon atoms in length. The DNA G+C content of the type strain is 64.4 mol%.
The type strain, strain OFN S17 T (5CIP 109606 T 5DSM 44997 T ), was isolated from Altamira cave (Cantabria, Spain).
